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(54) Title: METER 
(57) Abstract 

An apparatus (31. 32, 132) and 
method for determining the concentration 
of a medically significant component (for 
example, glucose) of a biological fluid {for 
example, blood) comprise providing a cell 
(31) for receiving a sample of die fluid (fbr 
example, blood). The cell (31) supports 
a chonistiy which reacts witfi die medi- 
cally significant component (for example, 
glucose), and first and second terminals 
across which the reaction of the chem^ 
istiy widi the medically significant com- 
ponent can be assessed. An instrument 
(32. 132) has first (34-2, 134-2) and sec- 
ond (34-3. 134-3) teiminals complemen- 
tary to the first and second terminals, re- 
spectively, of the cell (31). An assessment 
controller (52. 54, 148. 158) is provided. 
The apparatus determines tlie type of sam- 
ple and the concentration of a medically 
significant component of die sample. 
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MEIEfi 

Backgrwnd of thg IinvgntjQB 

This invention relates to methods and apparatus for improving the 
S accuracy of measurements made with instruments of the type described in, for 

example, U. S. Patents: 5,243,516; 5,288,636; 5,352,351; 5,385,846; and 5,508,171. 

The invention is disclosed in the context of such an instrument, but is believed to be 

useflil in other instruments of tins general type as wdl. 

There are a number of instnuneots for the determination of the 
10 concentrations of biologically agnificant components of bodily fluids, such as, for 

example, the glucose concentration of blood. There are, for example, the instruments 

described In U. S. Patents: 3,770,607; 3,838,033; 3,902,970; 3,925,183; 3,937,615; 

4,005,002; 4,040,908; 4,086,631; 4,123,701; 4,127,448; 4,214,968; 4,217,196; 

4,224,125; 4,225,410; 4,230,537; 4,260,680; 4,263,343; 4,265,250; 4,273,134; 
15 4,301,412; 4,303,887; 4,366,033; 4,407,959; 4,413,628; 4,420,564; 4,43 1,004; 

4,436,094; 4,440,175; 4,477,314; 4,477,575; 4,499,423; 4,517,291; 4,654,197; 

4,671,288; 4,679,562; 4,682,602; 4i703,756; 4,71 1,245; 4,734,184; 4,750,496; 

4,759',828; 4,789,804; 4,795,542; 4,805,624; 4,816,224; 4,820,399; 4,897,162; 

4,897,173; 4,919,770; 4,927,516; 4,935,106; 4,938,860; 4,940,945; 4,970,145; 
20 4,975,647; 4,999,582; 4,999,632; 5,108,564; 5,128,015; 5,243,516; 5,269,891; 

5,288,636; 5,312,762; 5,352,351; 5^385,846; 5,395,504; 5,469,846; 5,508,171; 

5;508,203; and 5,509,410: German Patdot Spedfication3,228,542: European Patent 

Spedfications: 206,218; 230,472; 241,309; 255,291; and, 471,986: and, Japanese 

Published Patent Applications JP 63-128,252 and 63-1 1 1,453. There are also the 
25 methods and apparatus described in: Talbott, et al, "A New Microchemical Approach 

to Amperometric Anafysis," Nficrochemical Journal, Vol. 37, pp. 5-12 (1988); Mortis, 

et al, "An Electrochemical Capillary Fill Device for the Analysis of Ghicose 

Incorporating Qiicose Oxidase and Ruthmum (US) Hexamine as Medator, 

HectFoanatysis,'* Vol. 4, pp. 1-9 (1992); Cass, « al, "Ferrocoie-Mediated Enzyme 
30 Electrode for Ampo-ometric Determination of Qucose," Anal. Chem., Vol. 56, pp. 

667-671 (1984); Zhao, "Contributions of Suspoiding Medium to Electrical 

In^edance of Bloody" Biodiin^ca et Biophyaca Acta, Vol. 1201, pp. 179-185 (1994); 
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Zlmo/'Hectrical Impedance and Haematooit of Hum^ 
Anticoagulants," Physiol. Meas,, Vol 14, pp. 299-307 (1993); Muller, et al., 
"Influence of Hematocrit and Platelet Count on Impedance and Reactivity of Whole 
Blood for Electrical Aggregometry," Journal of Pharmacological and Toxicological 
5 Methods, Vol 34, pp. 17-22 (1 995); Preidel, et al, "In Vitro Measurements with 

Electrocatalytic Ghicose Sensor in Blood/' Biomed. Biochim. Acta, Vol 48, pp. 897- 
903 (1989); Preidel, et al, "Ghicose Measurements by Electrocatalytic Sensor m the 
Extracorporeal Blood Circulation of a Sheep," Sensors and Actuators B, Vol 2, 
pp.257-263 (1990); Saeger, et al, "Influence of Urea on the Glucose Measurement by 

10 Electrocatalytic Sensor m the Extracorporeal Blood Ckculation of a Sheep,^Biomel 
Biochim. Acta, Vol 50, pp. 885-891 (1991); Kasapbasioglu, et al, "An Inq)edance 
Based Ultra-Thin Platinum Island Fihn Ghicose Sensor,'' Sensors and Actuators B, 
Vol 13-14, pp. 749-751 (1993); Beyer, et al, "Development and Application of a New 
Enzyme Sensor Type Based on the ElS-Capadtance Structure for Bioprocess 

15 Control,'' Biosensors & Bioelectronics, Vol 9, pp. 17-21 (1994); Mohri, et al, 

"Characteristic Response of Electrochemical Nonlinearity to Taste Compounds with a 
Gold Electrode Modified with 4-Aminobenzenethiol," Bull Chem. Soc. Jpa^ Vol 66, 
pp, 1328-1332 (19^3); Cardosi, et al, "The Realizatidh of Electron Transfer from 
Biological Molecules to Rlectrndes/^Biosensors Fundamentals and Applications, chapt. 

20 15 (Turner, et al, eds., Oxford University Press, 1987); Mdl, et al, "Amperometric 
Response Enhancement of the Immobilized Ghicose Oxidase Enzyme Qectrode^" 
Analytical Chemistry, Vol 48, pp. 1597-1601 (Sept 1976); Mell, et al, "A Model for 
the Amperometric Enzyme ISectrode Obtained Through Distal Siioulation and 
AppKed to the famiobilized Ghicose Oxidase Systdn,'' Ana^ 

25 pp. 299-307 (Fdb. 1975); Myland, et al, '•Memterahe-CoviM-ed 0>qrgen Sensors: An 
Exact Treatment of the Switch-on Tranamt," Journal of the Electrochemicid Sddety, 
Vol. 131, pp. 1815-1823 (Aug. 1984); Bradley, et al, "Kinetic Analysis of Enzyme 
mectrode Response,'' Anal. Chem., Vol. 56, pp. 664-667 (19M^^ 
Koichi,''Measurements of Current-Potential Curves, 6, CottreD Equation and its 

30 Analogs. What Can We Kjiow from Chronoamperometry?'' DenldKagato 
Kogyo Butsuri Kagaku, VbL 54, no.6, pp. 471^5 (1986); Williams, et al, 
^'Electrochemical-Enzymatic Analyds of Blood Glucose and Lactate/' Analytical . 
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Chemistry, Vol. 42, no. 1, pp. 1 18-121 (Jan. 1970); and, Gebhardt, et al, 
**Eiectrocatalytic Glucose Sensor," Siemens Forsch.-u. Entwickl.-Ber. Bd., Vol. 12, 
pp. 91-95 (1983). This listing is not intended as a representation that a complete 
search of all relevant prior art has been conducted, or that no better references than 
5 those listed exist: Nor should any such representation be inferred. 

Disclosure of the Invention 

According to one aspect of the invention, an apparatus for determining 
the concmtration of a medically significant component of a biolo^cal fluid comprises a 

1 0 cell for receiving a sample of the fluid. The cell supports a chemistry which reacts with 
the medically significant component and first and second terminals across which the 
reaction of the chemistry with the medically significant component can be assessed. 
The apparatus fiirther comprises an instrument having first and second terminals 
complementary to the first and second terminals, respectively, of the cell. Placement of 

15 the first and second terminals of the cell in contact with the first and second terminals, 
respectivdy, of the instrument pernuts the instnimiei^ The 
instrument includes an assessment controll^ for applying across the first and second 
terminals of the instrument a first signal, detennining a first response of the cell to the 
firist dgjial, and determiniiog based upon the first response whether to proceed with the 

20 determination of the concentration of the medicatfy significant component of the 
biological fluid 

Accordmg to another aspect of the invention, an apparatus for 
determining the concentration of a medically significant component of a biological fluid 
comprises a cell for receiving a sample of the fluid. The cell supports a chenoistiy 

25 which reiacts with the medically significant component and first and second termmals 
across which the reaction of the chemistry with the medically significant component 
can be assessed. The apparatus fiirther cdnq)rises an ihstnmienthavii^ 
second tominals conoplcmentary to the first and second terminals^ respectively, of the 
cell. Placement of the first and second ternddnals of the cell in contact with the first and 

30 second tmninals, respectively, of the instnmient pennits the instrument to assess the 
reactioa The mstrument mchides an assessmCTt controller for applying across the first 
and second t^minals of the instrument a first signal, dietermining a first correction 
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value in response of the cell to the first signal, assessing the reaction of the medicaUy 
significant component with the chemistry and combining the correction vahie with the 
result of the reaction assessment to produce an indication of the concentration of the 
medically significant component in the sample: 

5 According to another aspect of the invention, an apparatus for 

determining the concentration of a medically significant component of a biological fluid 
comprises a cell for receiving a sample of the fluid. The cell supports a chemistry 
which reacts with the medically significant component and first and second terminals 
across which the reaction of the chemistry with the medically significant component 

10 can be assessed. The apparatus fiirther comprises an instrument having first and 

second terminals complementary to the first and second terminals, req)ectively, of the 
cefl. Placement of the first and second ternunals of the cell in contact with the first and 
second terminals, respectively, of the instrument permits the instrument to assess the 
reaction. The instrument indudes an assessment controll^ for appfying across the first 

1 5 and second terminals of the instrument a first signal, determining the identity of the 
sample in response of the cell to the first signal, and producing an indication of the 
identity of the sample. 

According to yet another aspect of the invention, a method for 
det^inining the concentration of a medically significant component of a biological fluid 

20 conq>rises providing a ceH for receiving a sample of the fluid, and providing on the cell 
a chonistry wUdi reacts with the medically significant component and first and second 
terminals across whidi the reaction of the cheinistry with the medicalty significant 
component can be assessed. The method fiirthi^ cpnq)iises providing an instrumeol 
having first and second tmninals compl^entary to the first and second tenninals, 

25 respectively, of the cell. Placemmt of ti[ie first and second terminals of the cdl in 

contact with the first and second t«minals, respectively^ of the instrument permits the 
instrument to assess the reactioiL The method fiuther comprises providing in the 
instrument an assessment controller, cauang the assessm«it controller to apply across 
the first and second terminab of the instrument a first signal, cau^g the assessment 

30 controller to detexmme a first response of the cell to the first signal, and causing the 
assessment controller to detmnine, based upon the first response; whether to proceed 
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with the determination of the concentration of the medically significant component of 
the biological fluid. 

According to a fiirther aspect of the invention, a method for 
determining the concentration of a medically significant component of a biological fluid 
S comprises providing a cell for receiving a sample of the fluid, and providing on the cell 
a chemistry Tvhich reacts \vith the medically significant component and first and second 
terminals across which the reaction of the chemistry with the medically significant 
component can be assessed. The method further comprises providing an instrument 
having first and second tennmals complementary to the first and second terminals, 

10 respectively, of the cell. Placement of the first and second terminals of the cell in 

contact with the first and second terminals, respectively, of the instrument permits the 
instrument to assess the reaction. The method fiirther comprises providing in the 
instrument an assessment controller, causing the assessment controller to apply across 
the first and second terminals of the instrument a first signal, to determme a first 

15 correction vakie in response to the first signal, to assess the reaction of the medically 
significant component with the chemistiy, and to combine the correction value with the 
result of the reaction assessment tb produce an indication of the concentration of the 
medically significant compon^t in the sample. 

According to a fiirth^ aspect of the invention, a method for 

20 determining the concentration of a medically significant component of a biological fluid 
comprises providing a cell for receiving a sample of the fluid, and providing on the cell 
a chemistry which reacts with the medically significant component and first and second 
terminals across which the reaction of the chemistry with the medically significant 
component can be assessed. The method fiirther comprises providing an instrument 

25 having first and second terminals complementary to the first and second terminals, 
respectively, of the cell. Placement of the first and second terminals of the cell in 
contact with the first and second terminals, respectivdy, of the instniment permits the 
instrument to assess the reactioa The method fiirther comprises providing in the 
instrument an assessment control!^ for applying across the first and second terounals 

30 of the instniment a first signal, determining the identity of the sample m response of the 
cdl to the first signal, and produdng an mdication of the identity of the sample. 
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niustratively, the first signal comprises a signal having an AC 
component. Further illustratively, the first signal comprises ah AC signal. 

Additionally illustratively, the method of, and appiaratus fi^r, 
determining the correction value, the method of, and apparatus for, determining the 
5 identity of the sample, and the method of, and apparatus for, detennining whether to 
proceed with the determination of the concentration of the medically significant 
component of the biological fluid comprise the step of, and apparatus for, determining 
the impedance aoross terminals of the cell. 

10 Brief Description of the Drawings 

The invention may best be understood by referring to the following 
detailed desoiption and accompanying drawings which iOustrate the mvention. In the 
drawings: 

Fig. 1 illustrates a schematic diagram of a circuit usefiil in 
15 und^standing the invention; 

Fig. 2 iDustrates a partly block and partly schematic diagram of an 
instrument constructed according to the present invention; 

Fig. 3 ilhistrates a partly block and partiy schematic diagram of another 
instrument constructed according to the present invention; 
20 Fig. 4 illustrates a partly block and partly schematic diagram of another 

instrimient constructed according to the preSCTit invention; 

Fig. S ilbstrates glucose concentmtion results acMeved^m^ 
second ghicose concentration determinations with standard glucose test solutions; 

Rg. 6 illustrates glucose concentration results adneved in several tm 
25 second ghicose concentration determinations with standard ^cose test solutions; and. 
Fig. 7 illustrates ghicose concentration results achieved in several tea 
second ghicose concentration determinations with standard glucose test solutions. 

Detailed Descriptions of Ilhistrative Embodiments 
30 Instruments are known which employ devices such as disposable 

mediated aniperometric cells (sometimes refitted to herdiiafter as biosensors) which 
provide, for example, characteristic dectrical impedances when treated with biological 
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fluids, blood or urine for example, having certain corresponding concentrations of 
biologically significant components, such as, for example, ghjcose. Such measurement 
systems are known to be susceptible to variations in the temperature of the biological 
fluids and to interference by the presence in the biological fluids of other components, 
5 known anid sometimes referred to hereinafter as interferrehts; In many cases, these 
sources of enor have efifects on the biosensor output of the same order of magnitude 
as the concentration of the component measurement of which is sought. It may not be 
possible to develop a biosensor which will measure only the concentration of the 
component whose concentration is sought in the presence of these sources of error. 

10 An example of this phenomenon is the hematocrit interference in a biosensor of the 
type described in U. S. Patents: 5,243,516; 5,288,636; 5,352,351; 5,385,846 and, 
5,508,171, with the determination of the glucose concentration of whole blood. Since 
all whole blood contains red blood cells, and since the hematocrit can vary over a fairly 
wide range in individtials who might wish to rely upon such biosensor testing, the 

15 utility ofahematocrit-compensated glucose biosensor is clear. 

Equally problematic is the sensitivity of many conmiercialfy available' 
biosensors to the volume of the dopant Inological fluid. In the case of ghicose 
concentration of whole blood, for tscmph, many presently available biosensors are 
sensitive to the volume of blood with wUdi they are doped for determination of 

20 ghicose concratradon. Since maxsy of the tests which are present^ bdng conducted 
using biosensors are being conducted by people who are mdhitoring, for example, the 
glucose concentrations oftheir own blood, the volume^ of the blood sampl^^ ' 
which the biosensors are doped are not predictable with a great degree of certainty. 
While the carefiil design of the biosensor itself can prevent some errors, such as 

25 imdoped biosensors, substantially underdoped biosensors and substantially overdoped 
biosensprs^ for example, it cannot practically take mto account the fiill range of doping 
vohmie variation. : 

We have di^ 

imaginary component, or both, of the AC inipedance of an appropriately deigned 
30 biosensor provides reasonable in^ght into sample tmperatiire and the concentfadons 
ofcertain physical and chemical interferrents. In biosensors of the general types 
descnT)edinU. S. Patents: 5,243,516; 5,288,636; 5,352,351; 5,385,846; 5,508,171v 
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5,437,999; and, U.S.S.N. 08/985,840, fUed December 5, 1997 and assigned to the 
same assignee as this application, such physical interferrents inchide, for example, 
hematocrit, and such chemical interferrents include, for example, bilirubin, uric acid 
and oxygen. We have discovered that measurement of the real component or the 
5 imaginary component, or both, of the AC impedance of an appropriately designed 
biosensor also provides reasonable insight into the volume of a sample with which the 
biosensor is doped, and the identity of that sample; that is, whether the sample is a 
sample of blood or some other bodily fluid, or a sample of some control used, for 
sample, in calibration or troubleshooting of the instrument We have discovered that 

1 0 sample temperature, the concentrations of such phydcal and chemical interferrents, the 
identity of the sample and the sample volume can be ascertained at judiciously selected 
AC irequendes, providing reasonable isolation of the determinations of the efifects of 
sample temperature, interferrent concentrations and sample volume and identity from 
each other, and thereby increasing the accuracy o^ for exanq)le, the interferrent effect 

1 5 determinations, and their subsequent correction out of the indicated glucose 

concentration. We have also found that the speeds at which acceptably accurate 
readings of corrected ghicose concentration are obtained can be markedly reduced. 
The appropriately designed biosensor must be able to tolerate the determination of 
these AC impedances, using for example, AC signals having peak amplitudes in the 

20 range of a few tens of millivolts, without jeopardizing the measurement of the glucose 
concentration, which tiie biosensor will perform dth^ before, concurrently with, or 
after it performs the AC impedance determinatioa 

By w^ of exarnple only, we have determined that in biosensors of 
type described in U/S. Patents: 5,243,516; 5,288,636; 5,352,351; 5,385,8^^ 

25 5,508,171; 5,437,999; and, U.S.SK 08/985,840, it is possible to employ a low^ 
magnitude, for sample, less than about 40mV rms or so, AC signal in the range of 
less than about . IHz to 1 OKHz or so with no DC offset to compensate for sample 
temperature, hematocrit^ bilirubin concentration^ uric acid concentration and oxygen 
concentration, and to determine identity of the sample with which the biosensor is 

30 dosed, and adequacy of dosed blood sample volume for a test for gbcose 
concentration. We have determined, for example, that at about 1 SOOHz, both 
hematocrit and ghicose concentration have rdatively little efifect on AC impedance, : 
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while sample volume and sample identity have relatively substantially greater, fairly 
readily ascertainable, effects on AC impedance. This provides an ideal way to 
determine the adequacy of the sample volimie with which the biosensor is dosed and 
the identity of the sample. If the sample is determined to be blood, and the sample 
S vohmie is determined to be inadequate to test meaningfully for hematocrit, ghicose 
concentration, and so on, the test is discontinued and the us^ is notified of the 
discontinuance of the test. 

We have determined that the combined effect of sample temperature 
and hematocrit can fairly effectively be isolated from other physical and chemical 

1 0 interferrents of interest using frequencies in the range of fi*om about 2KHz to about 
lOKHz. So, for example, once the adequacy of the sample volume for test has been 
established, a 2KHz signal can be applied to the biosensor and the real and imaginary 
components of impedance of the biosensor/san^le system can be determined. This 
indicated impedance can be adjusted by an experimentally determined scaling factor 

1 5 governed by, among other things, the characteristics of the biosensor and the 
instrument, and combined with an mdicated glucose concentration to arrive at a 
glucose concentration compensated for the combined effects of sample temperature 
and hematocrit. 

These detaininations ilhistrativdy are imde before the 

20 determmatioh of the ghicose concenti-ation of the blood sample. DC ofl&et may be 
avoided, if necessary, to reduce the likelihood of affecting the amperometric 
determiniation of the glucose concentration which, it must be remembered, is going to 
be conducted subsequently in the iUustrated embodinients. Similar procedures can be 
conducted, again in the iUustrated embodhnents before the amperometric 

25 determination of the ghicose cdnc^tration, to determine the concentra 

mt^OTents with chemistry for the ghicose conc^xtration drtermmation, sudi as 
bilirubin, uric add and oxyg&L These detennmations are conducted at firequendes at 
which thefar effects upon each oth^ and upon oth^ physical and chemical iatedxmxits 
win be optimally decdupled fi-om each other. For example, i^ in the chemistry system 

30 of the amperometric cell, bilirubin and uric add are ch^cal interferr^its with each 
other, a frequency or range of frequendes ^ould be selected for the bilirubin 
concentration detennination, which frequency or range of frequencies is optimally 
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unaffected by the concentrations of uric acid and any other phy^cal and chonical 
interferrents in the sample. Similarly, a frequency must be selected for the uric acid 
concentration determination which is optimally imaffected by the concentrations of 
bilirubin and any other physical and chemical interferrents in the sample. In each case, 
5 however, the determined impedance is converted either directly or via a concentration 
determination which can also be displayed to the user or stored in the instrument for 
future reference, to a correction factor for application to the indicated glucose 
concentration in ord^ to arrive at a more accurate ghicose concentration 
determination. 

10 The methods and apparatus are believed best xmderstood by 

consideration of the equival^t circuit of an amperometric sensor of the type described 
in a S. Patents: 5,243,516; 5,288,636; 5,352,351; 5,385,846; 5,508,171; 5,437,999; 
and, U.S.S.N. 08/985,840. That equivalent circuit is illustrated in Fig, 1. InFig. 1, a 
resistor 20 represents the uncompensated resistance of the amperometric cell, a 

1 5 capacitor 22 represents the capacitance attributable to the double layer of charge on 
the dosed cell with potential applied, a resistor 24 represents the charge transfer 
• resistance of the ceD's chemistry, and a resistor 26 and a capacitor 28 represent the so* 
called Warburg inq}edance. While the lumped electrical parameter models of other 
types of amperometric s^isors may differ from the model illustrated in Fig. 1, similar 

20 analyses of those models will yield conchisions samilar to those reached here, namely, 

that the real and imaginaiy comppneots of the cells' or biosensors' electri!;^ 

impedances provide techniques for determining quantitative w^ 

d^ee of accuracy the efifects of interferrent concentrations, san^)le vohmie and 

sample identity on the concentration of a biologically significant conq>onent of a 

25 sample of a body fluid. These conclusions give the instrument and cell dei^gner useful 
♦ 

techniques for determining the adequacy of the volume of a sample applied to a 
biosensor, for determining the identity of the sample, and for correcting the indicated 
concentration of a biologically significant component of the sample for the 
concentratipn(s) of such interferrent(s) so that the effects of the concentration(s) of 
30 such.intefferrent(s) can be reduced in the indicated concentration of the biologically, 
significant component of interest to piro^de more accurate information on the 
concentration of the biologtcaUy significant conq)dnerit of interest 
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Blood sample studies analyzing the magnitudes of the real and 
imaginary components of the impedance of the equivalent circuit of Fig. 1 have 
established that in the range of about IKHz-lOKHz, there is very little dependence of 
the imaginary component of impedance on glucose concentration of the sample, while 
5 there is sufiSdent depmdence of the magnitude of impedance on the combination of 
sample temperature and hematocrit to permit a sample first to be subjected to a low- 
magnitude AC signal in this fi'equency range, the magnitude of impedance to be 
determined, and a combined sample temperature/hematocrit correction factor to be 
combined with the indicated glucose concentration determined using the amperometry 

10 techniques described in, for example, U. S. Patents: 5,243,5 16; 5,288,636; 5,352,351; 
5,385,846; 5,508,171; 5,437,999; and, U.S.S.N. 08/985,840, to yield a glucose 
concentration corrected for the combined eflfects of sample temperature and 
hematocrit. Similar techniques can be employed to determine sample vohmie and 
sample type. The sample volume determination, however, ordinarily will result in a 

1 5 go-no go determination for the remainder of the assay. The sample type determination 
ordinarily will determine whether the instrument proceeds to a ghicose concentration 
subroutine including for eTcample, determination of int^eirent correction factors, or 
to a diagnostic subroutine used to set up the instrument for a later glucose 
conc^itration determinatioa 

20 Referring to Fig. 2, a strip connector 30 of the general type illustrated 

in U S. Patents: 5,243,516; 5,288,636; 5,352,351; 5,385,846; and, 5,508,171, makes 
contact between a di^osable amperometric sensor cell or biosensor 3 1 of the general 
type illustrated m those patents and the instrument 32. The indicated glucose 
concentration functionality of the instrument 32 is largely as described in those patents. 

25 However, additional functions, namely, the correction of the indicated ghicose 

cono^ation for blood sample volume and the combined effect of sample tenq)erature 
and hematocrit of the blood sanq>le under test^ are implemented in the instrum^ 32 
accbrdii^ to the present inventioa It has been established that dgbt bit analog-to- 
digital (A/D) and digitai-ta-analog (D/A) computational power permits the instrumrat 

30 32 to achieve accurades in the range ofabout one-halfpercent or less. A first terminal 
34-1 of a connector 34 is coupled through a lOKQ resistor to a t^mmal 36-1 of a 
switch 36. A terminal 36-2 of switch 36 is coupled to the inverting, or input 
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terminal of a difference amplifi^ 38 i An output terminal of amplifier 38 is coupled to 
a terminal 36-3 of switch 36. A terminal 36-4 of switch 36 is coupled to a terminal 34- 
2 of connector 34, DC excitation across the biosensor 3 1 is established by the output 
of amplifier 38. For accurate setting of DC excitation of the biosensor 31, feedback 
5 from terminal 34-1 is returned to the - input terminal of amplifier 38. Terminals 34-1 
and 34-2 contact a common electrode on biosensor 3 1 for enhanced accuracy of 
excitation. 

A terminal 34-3 of connector 34 is coupled to a - input terminal of a 
difference amplifier 42. An output terminal of amplifier 42 is coupled through a 7.5KQ 

10 resistor 44 to the - input terminal thereof The non-mverting, or +, input terminal of 
amplifier 42 is coupled to the common of the circuit power supply. An output terminal 
of amplifier 42 is coupled to an input termmal of a thirtera bit A/D converter 46. An 
output port of A/D converter 46 is coupled to an input port of a processor 48 with 
supporting functions which performs the indicated glucose measurment functions as 

15 described in U. S. Patents: 5,243,516; 5,288,636; 5,352,351; 5,385,846; and, 

5,508,171. An output port of processor 48 is coupled to an input port of an eight bit 
D/A converter 50. An output terminal of D/A converter 50 is coupled to the + input 
terminal of amplifier 38. The functions of components 38, 42, 46, 48 and 50 
illustratively, althou^ not by any means necessarily, are embodied in an application- 

20 spedfic mtegrated drcuit(ASIC) 52. The remainmg, hematocrit compensating and 
sample volume detemmning functions of instrument 32 illustrativdy are embodied in a 
^ffiC (IPD78054 imcropro^soi^fiP) 54 wlucA also ^ 

converting capabilities 56 and 58, re^ectivdy. In Fig. 2, the mpvX A/D and ou^t 
D/A capabilities 56, 58 are ittustrated sq)arately from th^ 

25 54 for purposes of clarity, temmud 36-4 of switch 36 is coupled to an input teqrminal 
of A/D converter 56. The output terminal of amplifier 42 is coupled to an kiput 
terminal of A/D conv^ier 56. The ou^ut tCTminal of D/A converter 58 is coupled 
through a .1 jiF capadtor and a 400KQ reastor in series to terminal 36-1 of switch 36 
for AC excitation m this example. Here, an AC excitation signal is summed with the 

30 DC excitation provided by amplifier 38.^ 

The calculations of the real imd iniagjnary coniponents of the AC 
impedance of the biosensor cell 3 1 coupled to terminals 34-1, -2 and -3 iare made by 
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exciting tenninal 34-2 of connector 34 at the desired frequency, for example, 1300Hz 
or 10 KHz, at which the parameter to be determined, be it sample identity or volume 
or hematocrit, or whatever other parameter is of interest and can be determined this 
way, varies with sufficient magnitude and phase and is optimally uncoupled from, that 
5 is, is not interfered with by, the concentrations of other components of the blood on 
thecell31. 

The calculation of the real and imaginary components of the cell 3 1 
unpedance from the AC excitation and response are achieved as follows. The eight bit 
esx:citat!on samples are N values E(0), E(l), E(2), , . , E(N-1). These values are 

10 developed by sampling the excitation by A/D converter 56. The eight bit response 
samples are N values V(0), V(l), V(2), . . . V(N-1). These values are A/D converted 
by A/D converter 56 and returned to the processor function of jiP 54. Terminal 34-2 
of connector 34 provides the common t^minal against which these values are 
referenced. A scale factor K acco\mts for various gain fectors involved in excitation 

15 and measurement The excitation frequency is F Hz. The sample rate is MF, where M 
ittustratively has a value of 5 or more. The period between samples is thus 1/MF sec. 
Arrays S(n) and C(n) of sine and cosine vahies are calculated and stored in program 
memory in \iP 54 according to the following relations: 

20 S(n) = sin(2KF(n/MF)),BF=0to(N-l) 

C(n)=cos(27iF(n/MF)), n=0 to (N-1). 

The real and imaginary components of excitation are calculated as 

25 follows: 



11=0 
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The real and imaginary components of response are calculated as 



Vre^X,S{n)m 



i7/«=f:C(/i)F(n) 



S follows: 



10 



15 



The magnitudes of the exdtation and response are calculated as 

E=(Ere^+Eim^^, 
V=(Vre*+rim^^. 
The magnitude of the strip impedance can then be calculated: 
|Z|-KE/V. 

The phase of the strip impedance can also be calculated: 



arctan ^i^ - arctan^^ == Z-Z 
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Thus, a measurement of actual glucose concentration using an 
instrument 32 of the type iUustrated m Fig. 2 proceeds as follows. A sample of blood 
is applied to the biosensor 3 1 . Immediately after the instrument 32*s electronics detect 
the deposit of the droplet on the biosensor 3 1, an AC signal having a frequency of, for 
5 example, 1300Hz is applied across terminals 34-2—34-3 of connector 34 and the 
resulting current is indirectly sampled by |iP 54 by measuring the excitation and 
response voltages and using the scale factor to obtain current The impedance 
magnitude and phase angle are calculated. Using these values, a look-up table in the 
\xP 54's program ihemory is consulted to ascertain the nature of the sample and, if 
1 0 blood, whether there is su£5dent volume in the blood sample to proceed with the 
glucose determination phase of the assay. If not, the assay is terminated and this 
outcome is displayed on the instrument 32's display. If there is suflBcient vohime to 
continue with the ghicose determination, an AC signal at another frequency, for 
example, 10 KHz, is applied across terminals 34-2-34-3 of connector 34 and the 
IS resultmg current is sampled by (iP 54. The impedance and phase angle are again / 
calculated at this second frequency. A second look-up table in the fiP 54'i5 program 
memory is consulted for an indicated glucose-to-actual ghicose correction factor. This 
correctioii fector may be a constant, for example, zero, for indicated ghicose 
concentrations less than a first indicated ghicose concentration, and variable for 
20 iiulicated ghicose concentrations greats than that first indicated ghicose concentration, 
for example. In any event, that correction is stored, and the determination of the 
indicated ghicose concentration proceeds generally as described in U. S, Patents: 
5,243,516; 5,288,636; 5,352,351; 5,385,846; and 5,508,171, for example. Ohce tiie 
indicated ghicose concentration has been obtained, the correction is then retrieved and 
25 apphed to the indicated ghicose concentration to a^ 

concentration which is displayed on the instrument 32*s display and/or stored in the 
instrument 32*s memory. 

Another embodunent of the invention is ilhistirated in partly block ami 
partly sdiematic form in Fig. 3. There, an iostniment 132 mchides a strip connector 
30 130 ofthe same general type as strip connector 30 iltostrated in Fig. 2. Strip 

connector 130 is designed to make contact to a bioscasor 3 1. A first tOTumal 134-1 of 
a connector 134 is coupled through a lOKQ r^istor to a terminal 136-1 of a switch 
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136. A tenninal 136-2 of switch 136 is coupled to the - input terminal of a difference 
amplifier 138. An output terminal of amplifier 138 is coupled to a terminal 136-3 of 
switch 136. A termmal 136-4 of switch 136 is coupled to a temunal 134-2 of 
connector 134. DC excitation across the biosensor 31 is established by the output of 
5 amplifier 138. For accurate setting of DC excitation of the biosensor 31, feedback 
from terminal 134-1 is returned to the - input terminal of amplifier 138. Terminals 
134-1 and 134-2 contact a common electrode on biosensor 3 1 for enhanced accuracy 
of excitation. A tenninal 134-3 of connector 134 is coupled to a - input terminal of a 
di£ference amplifier 142. An output terminal of amplifier 142 is coupled through a 

10 7.5KQ resistor 144 to the - input terminal th^eof The + mput terminal of amplifier 
142 is coupled to the common of the circuit power supply. An output tenninal of 
amplifier 142 is coupled to an input terminal of a thirteen bit AJD converter 146. An 
output port of A/D converter 146 is coupled to an input port of a processor 148 with 
supporting fimctions which performs the indicated ghicose measurement fimctions as 

15 describedinU. S. Patents: 5,243,516; 5,288,636; 5,352,351; 5,385,846; and, 

5,508,171. An output port of processor 148 is coupled to an input port of an eight bit 
D/A converter 150. An output termmal of D/A converter 150 is coupled to the + input 
terminal of amplifier 138. The fimctions of components 138, 142, 146, 148 and 150 
illustratively, although iiot by any means necessaiify, are embodied in an ASIC 152. 

20 Therealandimaginary components of the AC unpedance of the 

biosensor cell 3 1 coupled to tominals 134-1, -2 and -3 are calculated by exdtation 
applied between tennmals 134-2 and 134*3 of cormector 134 at the desired 
firequencies, for example, by sweeping the low-magmtude AC vphage source 1 50 
through a suitable firequency range o^ for example .1 Hz - 100 Hz or 10 Hz - 10 KHz, 

25 throughout some portion or all of which the parameter to be detenmned, be it sanq)le 
identity, sample vohun^ sample temperature/hematocrit, oxygen concaitration in the 
sample, or whatever other parameter is of interest and can be determined this way, . 
varies with sufiSdent magnitude and phase and is optimally uncoupled from, that is, 
independent fix>m, the concoitrations of other components of the sample on 

30 ceU31. 

In the embodhnent ilhistrated in Fig. 3^ this low magnitude AC vol^^ 
natation is summed at a summing junction 152 with an optional DC ofi&et 156 which 
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may be utilized if it aids the determination of the concentration of the interferent of 
interest. In the illustrated embodiment, the AC voltage and DC offset are both 
generated under the control of a microprocessor (jiP) 158 which may be the same |iP 
which manages the above-mentioned meter 132 functions, or may be a separate fiP. 
S The \xP 158 will typically be programmed to sweep the AC voltage source 150 and 
adjust the DC ofTset, depending upon which interferent's concentration the 1 58 is 
determining. In this manner, each interferent's concentration may readily be 
ascertained in the optimimi frequency range and at the optimum DC offset for isolation 
of that particular interferent's concentratioa If ^P 158 is used to control sweep and 

10 offset, a separate external connection 160 need not be provided from the summing 
junction 152 to the ^P 158. Since ^P 158 is going to determine the frequency 
response of the cell 3 1, the frequencies associated with the determined frequency 
response can be stored in the (iP 158's memory as the frequency response is being 
determined. If some other mechanism is employed in the determination of the 

1 5 frequency response, however, it may be necessary to provide feedback 1 60 to the (iP 
1 58 of the ou^t frequency of source 150, as well as the level of the DC of&et 156. 
In any event, isolation of the sumniing junction 152 and any feedback path 160 from 
the cell 31 is provided by an operational amplifi^ 164 whose input is coupled to 
sunmiing junction 152, and whose output is coupled through a suitably valued resistor 

20 into the feedback path of amplifier 1 3 8 to drive the cell 3 1 . Similaily, isolation of the 
cell 3 1 from the frequency response-determining input of \iP 1 58 is provided by an 
operational amplifier 166 coupled to the output of amplifier 142. Determination of the 
frequency response of the cell 3 1 proceeds in known fashion, for example, by fast 
Fourier transform (FFT) or oth^* known jiP 158-implemented frequency response 

25 determinmg mechanism. The frequency response characteristic of the cell 3 1 is then 
compared to the stored frequency response characteristic for the specific intarf(^ent 
whose concentration is being determined, an interferent concentration is det^mined, 
and an assodated correction vahie fi^r the indicated glucose conc^itratibn is 
detennined and either stored for later use in correcting the indicated glucose 

30 concentration or immediately conibined with an indicated ghicose concentration to 
achieve a corrected ghicose concentratioa 
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Again, ordmarily^ the mstrumrat 132 will first detennine the various 
fi-equency responses of the cell 3 1 in the various optimally uncoupling firequency 
ranges^ with the various optimally uncoupling AC amplitudes and with the various 
optimally uncoupling DC offsets, followed by the determination of the indicated 
5 glucose concentration, followed by correction of the indicated glucose concentration 
for the thus-determined concentrations of the various interferrents. However, and as 
previously noted, it may be desirable under certain circumstances and with certain 
interferrents to have the instrument 132 first determine the indicated concentration of 
gbcose before the concentrations of these interferrents are detemuned. 

1 0 Another embodiment of the invention is iUustrated in partly block and 

partly schematic form in Fig. 4. There, an instrument 232 includes a strip connector 
230 of the same general type as strip connector 30 illustrated in Fig. 2, Strip 
coimector 230 is designed to make contact to a biosensor 3 1 . A first terminal 234-1 of 
a connector 234 is coupled to the - input terminal of a difference amplifier 238, An 

1 5 output terminal of amplifier 23 8 is coupled to a terminal 234-2 of coimector 234. DC 
excitation across the biosensor 3 1 is established by the output of amplifier 238. For 
accurate setting of DC excitation of the biosensor 3 1, feedback fi'om terminal 234-1 is 
returned to the - input terminal of amplifier 238. Terminals 234-1 and 234-2 contact a 
common dectrode on biosensor 3 1 for enhanced accuracy of excitation. A t^mmal 

20 234-3 of connector 234 is coupled to a - input terminal of a difference amplifier 242. 
An output terminal of amplifi^ 242 is coupled through a 8.25KP redstor 244 to the - 
input terminal thereof The + input termmal of amplifier 242 is coupled to a 1 .667V 
reference. An output terminal of amplifier 242 is coupled to an input t^minal of a 
fourteen bit A/D conv^ter 246. An output port of A/D converter 246 is coupled to an 

25 input port of a processor 248 with supporting; fimctions which p^iforms the indicated 
gtucbse measurement fimctions as described in U. S. Patents: 5,243,516; 5,288,636; 
5,352,351; 5,385,846; and, 5,508, 17L An output port ofprocessor 248 is coupled to 
an input port of a thirteen bit D/A converter 250. Amplifier 238 and D/A converter 
250 illustratively are integrated into a single device. Amplifier 238 has an op^ circuit 

30 shutdown mode, permittmg switches 36, 136 of the embodiments illustrated in Figs. 2- 
3 to be eliminated and thereby simplifying the circuit somewhat. Otherwise, the drcuit 
illustrated in Fig. 4 fimctions in much the same way as the drcuits illustrated in Figs. 2- 
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3. An output terminal of D/A converter 250 is coupled to the + input terminal of 
amplifier 238. The functions of components 238, 242, 246, 248 and 250 illustratively, 
although not by any means necessarily, are embodied m an ASIC 252. The accuracy 
and resolution of D/A convater 250 and A/D converter 246 enable both AC and DC 
5 strip current measurements and thus a circuit simplification. 

Again, it should be understood that the physical and chemical design 
characteristics of a particular cell will, to a large extent, determine the electrical 
characteristics of that cell. Therefore, those physical and chemical design 
characteristics will, to at least the same extent, determine that cell's response to each 

10 interferent, to different sample types, and to diflferent sample volumes. It is not 

possible to predict, for example, in what fi-equency range hematocrit's concentration 
will be optimally uncoupled fi*om uric acid's or bilirubin's without reference to the 
specific physical and chemical characteristics of that cell. Some investigation will be 
required to determine these optimum firequency ranges. However, the investigation 

1 5 will be relatively routine once the physical and chemical characteristics of the cdl are 
known. 

The reduction in the time required to adiieve a compaisated indication 
of the ghicose concentration of blood can best be appreciated by referring to Figs. 5-7. 
Fig. 5 iUustrates glucose concentration results adueved in several forty second glucose 

20 concentration determinations with standard ghicose test solutions. The tests whose 
results are illustrated in Fig. 5 w^e performed without impedance determination and 
compensation for the combined effects of temperature and hematocrit described above, 
but were compensated for temperature and hematocrit using prior art techniques. 
Fig. 6 illustrates ghicose concentration results achieved in several ten second ghicose 

25 concentration determmations with standard ghicose test solutions. The tests whose 
results are iSustrated in Fig. 6 were p^ormed without impedance determination and 
comp^isation for the combmed effects of tenq)erature and hematomt desoibed above, 
but again were conq}ensated for temperature and hematocrit using prior art techniques. 
Fig. 7 illustrates ghicose concmtration results acUeved in sev^ ten isecond ghicose 

30 concentration deteminations with standard ghicose test solutions. The tests vAosc 
results are illustrated in Fig. 7 were performed using impedance determination and 
compensation for the combined effects of temperature and hematocrit described above. 
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It vnJl be appredated from a comparison of these Figs, that the use of the impedance 
determination and compensation technique described above permits a reduction by a 
factor of four in the time required to achieve comparable glucose concentration 
determination in these test solutions. 
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1 . An apparatus for determining the concentration of a medically 
significant component of a biolo^cal fluid, the apparatus comprising a cell for 

5 receiving a sample of the fluid, the cell supporting a chemistry which reacts with the 
medically significant component and first and second terminals across which the 
reaction of the chemistry with the medically significant component can be assessed, an 
instrument having first and second terminals complementary to the first and second 
terminals, respectively, of the cell, placement of the first and second terminals of the 

10 cell in contact with the first and second terminals, respectively, of the instrument 

permitting the instrument to assess the reaction, the instrument including an assessment 
controller for applying across the first and second terminals of the instrument a first 
signal, determiiiirig a first correction value in response of the cell to the first signal, 
assessing the reaction of the medically ^gnificant component with the chemistry and 

1 5 combining the correction value with the resutt of the reaction assessment to produce 
an indication of the concentration of the medically significant component in the sample* 

2. The apparatus of claim 1 wherein the assessment controller 
comprises an assessment controller for applying across the first and second terminals a 
signal having an AC component. 

20 3. The apparatus of claim 2 wherein the assessment controller 

comprises an assessment controller for applying across the first and second terminals 
an AG signal. 

4. The apparatus of claim 1 wherein the instrument fiirther 
conqirises a third terminal, placement of the first and second terminals of the cell in 

25 contact with the first and second terminals of the instrument pladng one of the first 
and second terminals of the cell in contact with the third tenninal of the instrument. 

5. The apparatus ofdaim 4 wherdn the assessment controller for 
detemuning a first correction value in response to the first signal conq)rise8 an 
assessment controll^ for feediiig back a portion of the first ^gnai q)pearing ai the 

30 third t^minal. 

6. The apparatus of claim 5 v^erein the assessment controller for 
assessing the reaction of the medically significant componrat with the chemistry 
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comprises an assessment controller for applying across a pair of the first, second and 
third terminals of the instrument a second signal and assessing the reaction of the 
medically significant component with the chemistry in response to the second signal. 

7. The apparatus of claim 1 wherein the assessment controller for 
5 applying across the first and second terminals of the instrument a first signal comprises 
an assessment controller for applying across the first and second terminals of the 
instrument a second signal, determining a second response to the second signal, the 
second response determining if the assessment controller proceeds with the application 
of the first signal. 

10 8. The apparatus of claim 7 wherein the ass^ment controller for 

applying across the first and second terminals of the instrument a second signal 
comprises an assessment controller for applying across the first and second terminals a 
signal having an AC component 

9. The apparatus of claim 8 wherein the assessment controller for 
15 applying across the first and second terminals of the instrument a second signal 

comprises an assessment controller for applying across the first and second terminals 
an AC signal. 

10. The apparatus of claim 2 wherein the instrumrat further 
comprises a thu-d terminal, placement of the first and second terminals of the cell in 

20 contact with the first and second temunals of the instrument pladng one of the first 
and second terminals of the ceO in contact with the third terminal of the instrument 

1 1 . The apparatus of claim 10 wfa^dn the assessment controller for 
determining a first correction vahie in response to the first signal coniprises an 
assessment controUer for feeding back a portion of the first signal appear^ 

25 third terminal. 

12. The apparatus of claim 1 1 wherein the assessment controll^ for 
assessing the reaction of the medically significant component with the chemistry 
conqmses an assessment controlla: for applying across a pair of the first, second and 
thkd terminals of the instrument a second signal and assessing the reaction of the 

30 medically significant componrat with the chemistry in response to the second ^gnal. 

13. Anapparatusfor det^mming the conc^itration of a medically 
^gnificant component of a biological fluid, the apparatus con^ri^ng a cell for 
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recehdng a sample of the fluid, the cell supporting a chemistry which reacts with the 
medically significant component and first and second terminals across which the 
reaction of the chemistry with the medically significant component can be assessed, an 
instrument having first and second terminals complementary to the first and second 
S terminab, respectively, of the cell, placement of the first and second terminals of the 
cell in contact with the first and second terminals, respectively, of the instrument 
permitting the instrument to assess the reaction, the instrument inchiding an assessment 
controller for applying across the first and second terminals of the instrument a first 
signal having an AC component, determining a first response of the cell to the first 
10 signal, and determining based upon the first response whether to proceed with the 
determination of the concentration of the medically significant component of the 
biological fluid. 

14, The apparatus of claim 13 wherein the assessment controller for 
applying across the first and second terminals of the instrument a first signal comprises 

IS an assessment controller for applying across the first and second terminals an AC 
signal. 

15, The apparatus of claim 13 wherdh the assessment controller for 
appfying across the first and second terminals of the instrument a first signal comprises 
an assessment controQer for applying across the first and second terminals of the 

20 instrument a second signal, determining a first correction value in response to the 
second signal, and combining the correction value with the result of the reaction 
assessment to produce an indication of the concentration of the medically significant 
component in the sample. 

1 6, The apparatus of claim 1 S wherein the assessment controller for 
2S applying across the first and second terminals a second signal comprises an assessment 

controller for applying across the first and second terminals a second agnal having an 
ACcomponrat. 

17; The apparatus of daim 16 wfa^m the assessment controU^ 
appfying across the first and second terminals a second sigiial conqirises an assessment 
30 controller for applying across the first and second terminals an AC second ^gnaL 

1 8. The apparatus of claim 17 wherdn the instniment finrther 
comprises a third terminal, placement of the first and second terminals of the cell in 
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contact with the first and second terminals of the instrument placing one of the first 
and second terminals of the cell in contact with the third terminal of the instrument. 

19. The apparatus of claim 1 8 wherein the assessment controller for 
determining a first correction vahie in response to the second signal comprises an 

5 assessment controller for feeding back a portion of the second signal appearing at the 
third terminal. 

20. The apparatus of claim 19 wherein the assessment controller for 
assessing the reaction of the medically significant component with the chemistry 
comprises an assessment controller for applying across a pair of the first, second and 

10 third terminals of the instrument a third signal and assessing the reaction of the 

medically significant component with the chemistry in response to the second signal. 

2 1 . The apparatus of claim 1 5 wherein the instrument fiirther 
comprises a third terminal, placement of the first and second tenmnals of the cell m 
contact with the first and second terminals of the instrument placing one of the first 

15 and second tenninals of the cell in contact with the third terminal of the instrument 

22. The apparatus of claim 2 1 wherein the assessment controller for 
determining a first correction value in response to the second signal comprises an 
assessment controller for feeding back a portion of the second signal appearing at the 
third terminal 

20 23. The apparatus of claim 22 wherein the assessment controller for 

assessing the reaction of the medically significsurt component wi 
comprises an assessment controller for applying acro^ a pair of the first, second and 
third terminals of the instnmient a third dgnal and assessing the reaction of the 
medically significant component with the chemistry in response to the third Agpai. 

25 24. A method for determimng the concentration of a medically 

significant component of a biological fluid, the method comprising providmg a cell for 
receiving a sample of the fluid, providing on the cell a chemistry whidi reacts with the 
medicalfy significant component and first and second terminals across which the 
reaction of the chemistry with the medically significant compon^t can be assessed, 

30 providing an instrument having first and second tenninals conq)lementary to the first 
and second terminals, respectively, of the cell, placement of the first and second 
tenninals of the cell in contact with the first and second terminals, respectively, of the 
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instrument permitting the instrument to assess the reaction, inchiding in the instriinient 
an assessment controller, causing the assessment controller to app]y across the first and 
second terminals of the instrument a first signal having an AC conq^onent, causing the 
assessment controller to determine a first response of the cell to the first signal, and 
S causing the assessment controller to determine based upon the first response whether 
to proceed with the determination of the concentration of the medically significant 
component of the biological fluid. 

25. The method of claim 24 wherein the step of applying across the 
first and second terminals of the instrument a first signal comprises applying aicross the 

1 0 first and second terminals of the instrument a second signal, determining a first 

correction value in response to the second signal, and combining the first correction 
value with the result of the reaction assessment to produce an indication of the 
concentration of the medically significant component in the sample. 

26. The method of claim 25 wherem the step of applying across the 
15 first and second terminals a second signal comprises applying across the first and 

second terminals an AC second signal. 

27. The method ofclaim 26 wherein providing an instrument having 
first and second terminals complementary to the first and second terminals of the cell 
comprises providing an instrxmient having first, second and third terminals, placement 

20 of the first and second terminals of the cell in contact v^dth the first, second and third 
terminals of the instrument permitting the instrument to assess the reactioa 

28. The method of claim 27 wherein determining the second 
response of the cdl to the second signal and conviertmg that second response to a first 
correction value c6iiq>rises feeding back a portion of the second signal appearing at the 

25 third timninal. 

29. The method ofclaim 28 wherein assessing the reactioii of the 
medically signMcant component with the chemistry comprises appl^g across a pair of 
the first, second and third terminals of the instrument a third signal and assessing the 
reaction of the medically significant component with the chemistry in response to the 

30 third signal. 

30. The method of claim 24 wherein providing an instrument having 
first and second terminals complementary to the first and second terminals^ 
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respectively, of the cell comprises providing an instiument having first, second and 
third terminals, placement of the first and second terminals of the cell in contact with 
the first and second terminal of the instnunent placing one of the first and second 
terminals of the cell in contact with the third terminal of the instrument. 
5 31. The method of claim 30 wheremdeternuning the correction 

value in response to the second signal comprises feeding back a portion of the second 
signal appearing at the third terminal. 

32. The method of claim 3 1 wherein assessing the reaction of the 
medically significant component with the chemistiy comprises applying across a pair of 

10 the first, second and third terminals of the instrument a third ^gnal and assessing the 
reaction of the medically significant component with the chemistry in response to the 
third signal. 

33 . A method for determinmg the concentration of a medically 
significant component of a biological fluid, the method comprising providing a cell for 

1 5 receiving a sample of the fluid, providing the cell with a chemistry which reacts with 
the medically significant component and first and second terminals across which the 
reaction of the chemistry with the medically significant component can be assessed, 
providing an instrument having first and second terminals complemmtary to the first 
and second terminals, respective^, of the cell, placem^ of the first and second 

20 terminals of the cell in contact with the first and second terminals, respectively, of the 
instrument permitting the instrument to assess the reaction, providing in the instrummt 
an assessment controller, causing the assessment controller to apply across the first and 
second terminals of the instrument a first signal, determining a first correction value in 
response to the first signal, assessing the reaction of the medically significant 

25 component with the chemistry, and combining the correction value with the result of 
the reaction assessment to produce an indication of the concentration of the medically 
significant component in the sample. 

34. The method of claim 33 wherein providing an mstrument having 
first and second conq)lementary terminals comprises providing an instrument having 

30 first, second and third terminals^ placement of the first and second terminals of the cell 
in contact with the first and second terminals, respectivdy, of the instrument pladng 
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one of the first and second tenninais of the cell in contact with the third terminal of the 
instrument* 

35. The method of claim 34 wherein determining a first response of 
the cell to the first signal and converting that first response to a first correction value 

S comprises feeding back a portion of the first signal appearing at the third terminal. 

36. The method of clahn 35 wherein assessing the reaction of the 
medically significant component with the chemistry comprises applying across a pair of 
the first, second and third terminals of the instrument a second signal and assessing the 
reaction of the medically significant component with the chemistry in response to the 

10 second signal. 

37. The method of claim 33 wherein applying across the first and 
second terminals of the instrument a first signal comprises applying across the first and 
second teiminals of the instrument a second signal, determining a second response to 
the second ^gnal, and determining if the assessment controller proceeds with the 

15 application of the first signal. 

38. The method of claim 33, 34, 35 36 or 37 wherein applying the 
first signal comprises applying a first signal having an AC component 

39. The method of claim 33, 34, 35, 36 or 37 wherein appljong the 
first signal comprises applying a first AC signal. 

20 40. The method of claitn 37 wherein applying a second signal 

comprises applying a second signal having an AC component. 

41 . The method of claim 40 wherein applying a second signal 
comprises applying an AC second signal. 

42. An apparatus for determining the concentration of a medically 
25 signiiBcant component of a biological fluid comprising a cell for receivii^ a sample of 

the fluid, the cdl supporting a chemistry which reacts with the medica% dgnificant 
componrat and first and second terminals across which the reaction of the chemistry 
with the medically significant component can be assessed, an instrument having first 
and second timninals conq>lementary to the fi^ and second termmals, respective^, of 
30 the cell, placement of the first and second terminals of the cell in contact with the first 
and second terminals, respectively, of the instrument permitting the mstrument to 
assess the reaction, the instrument including an assessment controller for applymg 
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across the first and second terminals of the instrument a first ^gnal, for determining the 
idratity of the sample in response of the ceU to the first signal, and for produdng an 
indication of the identity of the sample. 

43. The apparatus of claim 42 wherein the assessment controller 

5 comprises an assessment controller for applying across the first and second tenninals a 
signal having an AC component. 

44. The apparatus of claim 43 wherein the assessment controller 
comprises an assessment controller for applying across the first and second terminals 
anACagnal. 

10 45. The apparatus ofclaim 42 wherein the instrument fiirther 

comprises a third terminal, placement of the first and second terminals of the cell in 
contact with the first and second tenninals of the instrument placing one of the first 
and second tenninals of the cdl in contact with the third terminal of the instrument, the 
assessment controller applying across a pair of the first, second and third terminals of 

15 the instrument a second signal, determining a first correction value in response of the 
cell to the second ^gnal, assessing the reaction of the medically significant component 
with the chemistry, and combining the correction value with the result of the reaction 
assessment to produce an indication of the concentration of the medically significant' 
component in the sample. 

20 46. The apparatus ofclaim 45 wherdn the assessment controller for 

assesdng the reaction of the medically significant componrat with the chemistry 
comprises an assessment controller for applying across a pair of the first, second and 
third tenninals of the iiistrument a third ^gnal, detenm^^ 
signal, the third response determining if the assessmrat controller proceeds with the 

25 application of at least one of the first and second signals. 

47. The apparatus of claim 42 wherein the assessment controller 
fiirther comprises a third terminal, placement of the first and second tenninals of the 
cell in contact with the first and second terminals of the instrument placing one of the 
first and second taminals of the ceU in contact with the third terminal of t^^ 

30 instrument, the assessment controller appfying across a pair of the first, second and 
third t^minals of the instrument a second signal, determining a second response to the 
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second signal, the second response detennining if the assessment controller proceeds 
with the application of the first signal. 

48. A method for determining the concentration of a medically 
significant component of a biological fluid comprismg providing a cell for receiving a 
5 sample of the fluid, providing on the cell a chemistry which reacts with the medically 
significant component and first and second terminals across which the reaction of the 
chemistry with the medically significant component can be assessed, providing an 
instrument having first and second terminals complementary to the first and second 
terminals, respectively, of the cell, placement of the first and second terminals of the 

10 cell in contact with the first and second terminals, respectively, of the instrument 
permitting the instrument to assess the reaction, providing in the instrument an 
assessment controller for applying across the first and second terminals of the 
instrument a first signal, detennining the identity of the sample in response of the cell 
to the first signal, and producing an indication of the identity of the sample. 

IS 49. The method ofclaim 48 wh^em the step of providing an 

instrument having first and second terminals comprises the step of providing an 
instnmient having first, second and third terminals, placement of the first and second 
terminals of the cell in contact with the first and second terminals of the mstrument 
placing one of the first and second terminals of the cell in contact with the third 

20 terminal of the instrument, the assessment controller applying across a pair of the first, 
second and third terminals of the mstrument a second signal, detennining a first 
correction value in response of the cell to the second signal, assessing the reaction of 
the medically significant component with the chemistry, and combining the correction 
value with the result of the reaction assessment to produce an indication of the 

25 concentration ofthe medically significant component in the sanq)le. 

50. The method of claun 49 wfaerdn the assessment controll^ 
applies ao-oss a pair of the first, second and third tenninals of the iiistrument a third 
signal and determines a third re^nse to the third agnal, the tUrd response 
determiiung if the assessment controller proceeds with the explication of at least one of 

30 the first and second signals. 

51. The method ofclaim 48 wherem the step of providing an 
instrument having iSrst and second terminals comprises the step of providing an 
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instrumeixt having first, second and third terminals, placement of the first and second 
terminals of the cell in contact with the first and second terminals of the instrument 
pladng one of the first and second terminals of the cell in contact with the third 
terminal of the instrument, the assessment controller applying across a pair of the first, 
second and third terminals of the instrument a second signal and determining a second 
response to the second signal, the second response determining if the assessment 
controller proceeds with the application of the first signal. 
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